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ABSTRACT

Psudomonas fluorescens isolate PPfl and Bacillus sp. isolate PB2 were
selected among a collection of potato phyllosphere microorganisms as bio-agent
against P. infestans under laboratory, greenhouse and field conditions. Obtained
results revealed that, PPfl1 and PB2 isolates were effective in reducing P.
infestans mycelial growth. Bacterial cell suspension and/or their culture filtrate
significantly inhibited the release of zoospores and cysts germination compared
with the conirol opes. Selected bacterial isolates proved their ability to produce
bio-surfactant and salicylic acid (SA) in their culture media. In addition, they
effectively controlled potato late blight on detached and intact leaves under
greenhouse conditions 2 days after spray application.

Acrobat fungicide strongly inhibited the mycelial growth, cysis
germination of P. infestans than Previcur-N, while the opposite results were
obtained in case of zoospores release. Both of fungicides tested controlled potato
late blight disecase under greenhouse conditions 2 days afier foliage spray
application. Acrobat showed a systemic activity against the disease as a foliar
spray application than previcur-N. Moreover, the two fungicides were effective
systemically as soil application. In ficld experiments, tested fungicides were
effective than bio-control agents, which were more effective than the untreated
control. Potato planis treated with fungicides and bio-agents had high salicylic
acid (SA) contents compared with the control. Using fungicides and bacterial bio-
control agents increased potato tuber yields, compared with the untreated control.
The potato tuber yields were decreased by increasing the discase severity. Further
studies are needed to improve the bio-control stability of bacterial isolates and
increase their activity against potato late blight discase. ,

Key words; late blight, potato, Phytophthora infestans, bio-control, agents,
Psudomonas fluorescens, Bacillus spp. salicylic acid, fungicides.

INTRODUCTION

Potato (Solanum tuberosum L.) late blight caused by Phytophthora
infestans Mont. de Bary is ope of the most important foliar and tuber diseases
worldwide and the major yield-reducing factor of potato (Abu-El Samen ef ai.
2003 and Andrade-Piedra, et al. 2005). Nowadays there are lot of obstructions in
using fungicides to control plant diseases, which are expensive, for their
environmental hazards and since pathogen can develop resistance races to



1402 Annals of Agric. Sc., Moshtohor, Vol. 43(4), 2005

fungicides (Visker ef al., 2003). On the other hand, biological control against
fungal diseases of plants is eco-friendly and is a potential component of
integrated disease management (IDM) as reported by Kishore, et al. (2005).

So, several investigators used the phylloplanic or rhizoplanic microorganism
flora as bio-agents against phyto-pathogenic fungi or bacteria (Jindal et ol 1988, Van
Loomn, ef al., 1997, Buchenaur 1998 & Kishore, ef al. 2005). Other research workers,
i.e. Elisceva et al. (1995) and Filippov & Kuznetsova (1995) used Pseudomanas spp.
and Bacillus subtilis to control the same pathogen on potato and or tomato. Moreover,
plant growth promoting rhizobacteria (PGPR) are able to induce systemic resistance
(ISR) in plants to control root and foliar diseases of several cultivated plants
(Buchenaver, 1998; Chen et gf, 1999; Wie ef al, 1996; Enebak & Carey, 2000 &

-Kishore, et al. 2005).

On the other hand, the use of chemicals as fungicides proved to be the
most effective methods to control several discases (Stanghellini and Miller 1997).
Field growing potato and/or tomato plants sprayed with fungicides one time
and/or twice per wegk, reduced the area under distase progress curve (AUDPC),
decreased yicld losses compared with the results of fewer or non sprayed plants
(Reiter, et at. 1995). Acrobat (dimethomorph 60 WP {DMM]}) controlled P.
infestans of potato and increased yield (Stuogiene 1997). It is effective against
either metalaxyl-sensitive or metlaxyl-resistant isolates of P. infestans (Cohen et
al., 1995). Acrobat strongly inhibit P. infestans mycelial growth, zoospore
encystment, Cystospore germination in vitre (Grayson ef ol. 1996) and affect the
oospores formation (Bissort et al., 1997). Also, previcur-N (propamocarb-HCl)
used to control tomato and potato laie blight discase under laboratory,
greenhouses and commercial field conditions. Which proved to be more effective
as foliage than s0il treatmenis, resulted in drastic loss of activity (Rexter et at.
1995 and Klinkenberg et al., 1998).

Therefore, the aim of the present study is 1o test sclected bacterial
isolates from 3 lafge collection of potato phyllosphere in addition to investigate
 thelr antagonistic effect dgainst P. infestans, in laboratory, under greenhouse and
field conditions in companson with chemical fungicides. The role of biosurfactant
(rhamnohplds) and salysilic acid production in bacterial culture media, as well as
SA production in treated potato leaves, were investigated.

MATERIALS AND METHODS

1- Isolation, and umculum preparation of P. infestans:

Phylophrhora infestans was isolated from potato (leaves and stems)
plants exhibited typical late blight symptoms collected from different iocations in
EL-Ismailia and E{-Sharkia Bovemorates. The selective method described by Sato
et al. (1991) and the direct method described by Oyarzum er al. (1998) were used
for isolating the late blight causa) organism from collected samples.

The isolated P. infestans was identified according to the description of
Ingmm & Williams (i1991) and Erwin & Ribeiro (1996) then cultivated on rye
dextrose agat medium at 18 + 2°C in the dark (Ribeiro, 1978). Sporangial
suspensions were prepared from 14 days old cultures, then the suspension was
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cooled at 4°C for 3-4 h to induce formation and release of zoospores. The
suspension was diluted to 8 x 10* zbospores mi™. Bach full true leaflets of potato
plants were inoculated with four droplets (each 10ul) of the previously prepared
Z0OSpPOres suspension. '

2. Isolation of different microorganisms from potato phyliosphere:

Healthy potato leaflets were collected from infected potato fields in
winter cultivation. Qne gram of leaffets was transferred to Efenmeyer-flask (250
ml) containing 99 mil of sterile distilled water (approximately 107 dilytion).
Flasks were shaken thoroughly on 4 mechhnical shaker 150 rinyvmintites for 30
minutes. Scrial dilutions up to 10 were prepared using sterile distilled water.
One ml from 107 to 10°¢ dilution was mixed with 9 ml pyirient agar and /or
King's B medium (King et al., 1954) in Petri djsh, three plates were prepared for
each dilution and incubated at 30 + 2°C for 3 days to isolate the developing
colonics. Bacteria were identified according to their shape, pigmentation and
culture characteristics according to Buchanon et af. (1974).

3. In vitro experiments
3.1, Effect of the isolated bacteria and fungicide concentrations on mycelial
growth of P. infestans: :

The antagonistic interaction between the previousty isolated bacteria on
the mycelial growth of P. infestans was studied under laboratory conditions. Petri
dishes (9 cm in diameter) containing rye agar medium amended with 3g yeast
extract (Cohen, 1994) were inoculated in the center with a disk (9 mm in
diameter) taken from 10 days old P, infestans cultures, then plates were
inoculated with the selected isolated bactetia by streaking on the surface of the
media beside the fungal growth (at the distance of 1.5 c¢m from the edge of the
plates) with the aid of dua) culture method.

The effect of different concentrations of the acrobat (0, 5, 10, 20 and 40
ppm) and prevecure-N (0, 500, 1000, 1500, and 2000 ppm) on the radial mycelial
growth of P. infestans were examined. The aforementioned concentrations were
added onto the sterile rye agar medium before solidification, then poured in Petri
dishes. Each plate was inoculated with a growth disc (9 mm in diameter) of a 10
days old culture of P. infestans.

List of the fungicides tested
. Active  Recommen-
Trade name Chemical structure ingredient  ded dose
' (a.i) (mbL)
Propamocab-HCI [propyl-N-(3- '
Previcur-N®  dimethylaminopropyl)- 72,2 % 3
carbamate hydrochloride, -
Dimethomorph 13,9 % aqueous
solution [(E,Z)- 4-(3-(4-
chlorophenyl)-3+ 14.7 .25
(3,4dimethyloxyphenyl)
acryloyl) morpholine

Acrobat
{Pimethomorph)
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P. (nfestans inoculated plates were used as control. Three replicates were
used for each treatment, then plates were incubated at 18 + 2°C. The diameter of
the mycelial radical growth of different treatments was measured. When' the
plates of control were filled with the mycelial growth of P. Infestans. The
diameter of developed colonies were measured. Percentage of growth reduction
were calculated from the following formula (Gang et al., 1994),

The percentage of growth reduction = (C-T/C) x 100,
Whereas T = mycelial growth in the treatment and C = mycelial growth in the control.

3.2, Effect of bacterial culture filtrates and Tungicide concentrations on
zoospores release and cysts germination of P, infestans:
The sclected bacterial jsolates were grown on King’s B (King ef o/,
1954} liquid medium for 7 days «t 28 1 2°C using shaking incubator. The resulted
filtrates were obtained through Roth sparaten filter (25 mm),

Sporangial suspension of P. infestans (8x10") was mixed with an equal
volume of each bacterial culture filtrate and or the aforementioned fungicide
concentrations. The same volume of sterilized distilled water was added to the
sporangial suspension in control ireatment. Suspensions were incubated at 4°C
for 3-4 hr, then the percentage of emply and normal sporangia were determined
microscopically with the aid of the haemocytometer technique.

In other experiments zooSpores were used instead of sporangia as
previously and incubated at 18+ 2°C for 16 h. Percentage of germinated and non-
germinated cysts were determined microscopically with the aid of the
haemocytometer technique.

3.3, Effect of bacterial suspension on zoospores release and cysts germination
of P. infestans;
Obuained bacterial growth on King's B medium was blended for 1 min
and the resulted suspensions comanmng bacterial cells and their filtrates in the
liquid media were adjusted to be 10° CFU/ml.

The sporangial suspension of P. infestans (2x10 *) was mixed with an
equal volume of each bacterial suspension separately, and with the same volume
of King’s B liquid medium of the control treatments, then the mixture was
incubated at 4 °C for 3-4 h. The percentage of empty and nprmal sporangia were
determined microscopically as mentioned before. The percentage of germinated
and non-germinated cysts were determined microscopically using zoospores of P.
infestans instead of sporangial suspension incubated at 18 18 + 2°C for 16 h as
mentioned before.

3.4, Free Salicylic acid production In bacterial culture medium:

Salicylic acid content in the culture filtrate was determined at 24-48 h by
the  methods descried by De Mayer & Hofte (1997). Culture filtrate was
centrifuged a1 14000 rpm for 10 min a1 4°C, then one ml supernatant was mixed
with 0.5 m} of 100% methand] and 50 ! trichloroacetic acid (TCA) 5 %. The

" volume was then adjusted to be 5 ml with de-ionized water and re-centrifuged at
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14000 rpm for 10 min at 4 °C. Salicylic acid contents were analyzed by HPLC
and caiculated using the Kontron Data System 450-MT2/DAD.

3.5. Detection of the biosurfactant (rhamnolipids) produced by the bacteria:
A specific mineral salt (MS) medium as described by Siegmund and
Wagner (1991) was used for this purpose. Selected bacterial isolates were
inoculated at the surface of the MS medium, then incubated at 28+ 2°C and
checked daily. Develaped clear zone around the bacterial growth, was measured.

4, In vivo experiments:
41. Effect of selected bacterial isolates on potato late blight disease incidence,
under greenhouse conditions;

The most effective bacterial isolates (P. fluorescens isolate PPfl and
Bacillus sp. isolate PB1) on mycelial growth, release of zoospores and cysts
germination of P. infestans were used to investigate their effects, against potato
late blight disease, under controlled greenhouse conditions. The bacterial
suspension prepared on King's B medium was blended and adjusted to contain
10° CFU/ml. Potato cv. Nicola plants, with 5-6 full leaf stage, in pots (20 cm in
diameter) filled with sand/peat mixture (1:3 v/v) were sprayed with 50 ml/plant of
each bacterial suspension and with King's B medium in the control ones. The
sprayed plants were covered with plastic box and left under controlled greenhouse

conditions (18 £ 2°C and 100 % RH).

Detached leaves previously Sprayed with the PPF1 and PB1 bacterial
cell suspensions mentioned above, were inocuiated 2 days after treatment with 4
droplets (10pl) of P. infestans zoospores 8x10° /ml as mentioned by Coheh
(1994). Also the detached leaves were inoculated with 4 droplets (10ul)
containing the mixture of the bacterial cell and fungal zoospores Suspension (1:1
v/v) ast the same time (as a direct application). Intact leaves (all plants) were
sprayed with 30 ml/plant of 8x10* zoospores/mt of P. infestans.

Inoculated leaflets and/or plants were incubated at 18 + 2°C and 100 %
RH under plastic boxes in the greenhouse with a light and dark 16 and 8 h daily,

The disease incidence was evaluated afler 5-7 days. Number and
diameter of necrotic lesions (mm) as well as the blighted area/lcaflet was
determined (Cohen, 1994). The percemtage of disease and percentage of
protection was calculated (Cohen ef al., 1994) as follows;:

percentage of protection = 100 x A/B

A= percentage of disease in treated plants.

B = percenlage of disease in untreated plants (control).

(100 x blighted area in treated/blighted area in the untreated plants [contrel])

4.2. Effect of different fungicide concentrations on the late blight disease
protection under greenhouse conditions:

Potato plants (5-6 true leaves old) were sprayed with different
concentrations (1.25, 2.5 and 3.75 mlA of acrobat and 1.5, 3 and 4.5 mV1 of
previcur-N) on both upper and lower leaf surfaces. Control plams were sprayed
with distilled water. The detached leaves and inoculation technigue mentioned by



1406  Annals of Agric. Se., Mesbtohor, Vol. 43(4), 2005

Cohen, 1994 were applied. The disease was evaluated afler 5-7 days. Number and
diameter of necrotic lesions (mm), the blighted area/leaflet, and the percentage of
protection were calculated as mentioned in 4. 1.

4.3, Systemic effect of tested fungicides against late blight disease severity,
under greephouse conditions: .
4.3.1, Spray application:

Leaves no. 3 and 4 of 5-6 true leaves old potato cv. Nicola plants in pots,
each containing one plant, were sprayed with the recommended rate of acrobat
(2.5mi1) and Prevecure-N (3 ml/). The local effect was determined on the
sprayed leaves (no 2 and 3), while the systemic effect was tested on the first
upper unsprayed leafl (leaf no. 5), two days afier spray application on potato
leaves no. 3 and 4. Detached leaves assay was carred out, inoculation,
incubation, percentage of discase and percentage of protection were calculated as
mentioned before.

4.3.2. Soil drench application.

Fifty ml of the recommended rate of acrobat (2.5 ml/) and previcur-N (3
mi/l) were added to the soil in pots (20 cm in diameter) filled with sand/peat
mixture (1:3 v/v). Each pot containing ohe potato plant (5-6 completely
developed true leaves old). Leaves no. 2, 3 and 4 were detached 2 days after soil
application and inoculated with zoospore suspension of P. infestans. The results
were calculated as mentioned before.

5. Field experiments .
5.1. Effect of selected bacterial isolates and fungicides on potato late blight
disease prameters under field conditions:

Bacterial isolates (P. flugrescens isolaie PP{} and Bacillus sp. isolate -
PB1) and tested fungicides were used 1o investigate their effect, as controlling
agents against potato late blight disease in polato winter cultivation. These
experiments were camried out at two successive growing seasons, in El-Tal El-
Kabeer, Ismailia governorate, with 4.x § m experimental plots. Four replicates
were used in compiete random block design.

Ficld ' growing potato ¢v. Nicola plants (55-60 day old plants) were
sprayed with each bactérial suspension 10* CFU/ml. once a week and repeated 6
times. Fungicides were appliéd as spray application once a two wecks and
repeated 4 times. Four replicates were used in complete random block design.
Quantification of disease incidence and severity at 7 days intervals starting at the
appearance of late blight symptoms was determined using the 1-10 rating scale,
started from 0 to 100 % infected leaves as mentioned by Vox (1993) and Cohen et
al. (995). After harvest, the yield in each treatment was calculated per Feddan,

$.2, Free Salicylic acid (SA) determination in treated potato leaves under
field conditions: '
Free-SA was extracted from potato leaves according to the method of
Malamiy et al., (1992). Samples of bacterial and fungicidal treated potato leaves
under field condition were collected from the same levels, ground with liquid
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nitrogen in 8 m! of 90% methanol using a pre-chilled mortar and pestie. The
extract was centrifuged at 14000 rpm in Sorval ® SM 24 rotor for 15 min at 4°C.
The pellet was re-suspended in 4 ml of 90% methanol and re-extracted at 140_00
pm for 15 min. Supernatants from both extractions were combined and dried
under vacuum (150—176 m bar) at 45-50°C. The residue was re-suspended in | ml
of 100% methano! and 50 ui trichloroacetic acid (5% TCA), the volume was then
adjusted to 5 m! with de-ionized water and centrifuged at 14000 rpm for 10 min.
The supernatant was applied to a HPLC equipped with Pharmacia LKB
autosampler 2157 and Pharmacia LKB gradient pump 2249 (Germany) which
was coupled to a GROM-SIL 120 O DS-3cp column (250 x 4 mm, 5 um). Free-
SA was detected by a {luorescence detector (LC304, Linear, Germany, excitat:on
wavelength: 304 nm, emission wavelength 408 nm). Analysis of free-SA was
carried out in methanol and sodium acetate buffer (20 mM Na-acetate buffer
containing 10% methanol, pH 4.0). The concentrations of SA were calculated and
evaluated using the Kontron Data System 450-MT2/DAD as described by Raskin
et al. (1989) and Yalpani e al. (1991).

6. Statistical analysis;

Data obtained were subjected to statistical analysis proposed by Gomez
and Gomez (1984), and means were compared using LSD muitiple range test
according to Duncan (1954),

RESULTS AND DISCUSSION

1. Biologicai control
1.1, In vitro experiments:

Pathogenic isolate of Phytophthora infestans was isolated from the
collected samples. Several bacterial isolales (Pswdomonas fluorescens, isolates
and Baciflus spp. isolales) were isolaled and identified among a collection
isolated of potato phvliosphere.

Psudomonas fluorescens, isolatc PPfl, was the most effective selected
bacterial isolates in reducing radial growth of P. infestans, followed by Bacillus
spp. isolate PB1 and PPf4, while PB3 followed by PB4 isolate were the least
effective ones, the other tested isolates were in-between compared to the control
treatment {Table ).

Culture filtrates of PPfl and-PB1 bacterial isolates completely inhibited
the release of zoospores and cysts germination of P. infestans compared with the
control one. It was also clear that, cyst germination was more sensitive to culture
filtrates than zoospores release (Table 2). The same results were obtained with the -
bacterial cell suspension of PPfl and PB1 in their culture media on release of
zoospores and cysts germination (Table 3).

Several bacierial genera had a good biocontrol -activity against wide
range of comycetes fungi and other fungal genera (Elisceva ef al. 1995; Ahmed,
et al. 2003 and Kishore ef af., 2005). The mode of action of the bacteria against
mycelial growth, zoospores release and cysts germination might be due to
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induction of anti-fungal compounds in its culture media (Niderman et al. 1995),
production of laytic enzymes i.¢. celluolytic, gliconolytic, chitinolytic, B-1,3-
gluconase as meptioned by Ng & Webster (1997) & Eash and El-Kohly (2005) or
production of bio-surfactant which posses antifungal effects against germination
of oomycetes Cyst spores (Stanghellini and Miller, 1997).

Table (1); Antagonistic effect of different phyliospheric bacterial isolates
against Phytophthora infestans measured as percentage of
ih celial hnear growth,

Bacterial isolates Mycelial growth (%) Mycelial growth reduction
Control 100
PPf1 . 3335
)} Pseudomonas | PP2 65.33
i fluorescens* PPf3 74.67
PPf4 62.00
LSD at 0.05 0.153
PB1 43.20
PB2 71.95
PB} 93.00
PB4 78.67
LSD at 0.08

* batenal isolates selecled among a collect:on of bactenal lsolates

| Bacillus sp*.

Table (2): Effect of bacterial culture filtrates on the release of zoospores and
cysts germmation of Phytophthora infestans measured as

Germinated

Bacterial isolates spora ngna sporangia cysts

R S D
Control 100.00 0.00 100.00
; 0.00 100.00 0.00
Y Pseudomonas |PPR2 | 767 92.33 5.67
| fluorescens | PP{3 20.33 79.67 16.67
PPi4 | 1367 86.33 9.33
0.189 0.180 0.182
PB1 0.00 100.00 0.00
PB2 | 22.50 77.50 12.50
PB3 | 1893 81.07 10.330
PB4 [ 15.20 34.80

Bacillus sp.
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Table (3): Effect of selected bacterial cell suspensions on the release of
zoospores and cysts germination of Phytopktkora infestans

Control

PPl 0.00 100.00 0.00 100.00
Pseydomonas | PP2 6.33 93.67 4.33
fluorescens PP{3 9.67 90.33
PPf4| 133 9267 |
LSD at 0.05 0.233 0.251
PB1 0.00 100.00 0.00
. PB2 12.33 87.67 11.00
Bacillus sp- - 1 pg3 | 1967 £0.32 17.33
i PE4 32.67 67.33
LSD at 0.05 0.212 0.0.210 R

The most effective bacterial isolates (PPfl and PB1) were sclected to
their SA production in their culture medium which, found to be affected by
incubation period. Bacterial isolate PP{1 produced high salicylic acid content than
PB1 (Fig., 1). SA production by the bio-agent bacterial isolates was reported by
several investigators (DeMayer and Hofte, 1997).
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Fig. (1): Salicylic acid (SA) content produced by Pseudomonas fluorescens
PPf1 and Bacillus spp. PB1 in liquid king’s B medium after 24 and
48 h incubation periods,
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Fig. (2): Production of bio-surfactant by Pseudomonas fluorescens PPf1 and
Bacillus spp. PB1 grown for 7 days on specific agar medium.

Production of bio-surfactant (Rahmenolipes) by the two selected
bacterial isolates were tested on specific culture media, PPf1 isolate produced the
highest amount of bio-surfactant than PB1 which had the wide clear zone around
their colonies (Fig., 2). Similar results were detected by Stanghellini and Miller,
1997). Bio-surfactant, are known to act as antifungal against oomycets i.e.
Phytophthora spp., Pythium spp. Olipdium spp. cysts germination (Stanghellini
and Mllier 1997).

1.2, In vivo (greenhouse experiments);

Results of using the two selecied bacterial isolates as a direct application
to control late blight of potato are shown in Table (4). Resulis indicate that,
number and diameter of lesions, blighted area/leaflet and protection percent were
lower in treated leaves (2.00, 7.00, 76.93, 5.06 % and 94.93 % respectively in
tase of PPflisolate and 2.33, 9.00, 148.15, 975 % and 9025 ins case of
PBlisolate) than the control ones (4.00, 22.00, 1519.76, 100.00 % and 0.00 %,
respectively). Moreover, spraying potato leaves with the two selected bacterial
isolates, 2 days after their inoculation with the pathogen were effective in
controlling late blight disease, either on detached or intact potato leaves (Tables,
5 and 6). After 2 days of application on intact leaves isolate PP{1 was more
effective (15, 9, 953.76, 10.20 % and 89.80 %, respectively) than PBI isolate
(17.00, 11.00, 1614,75 17.27 % and 82.73%, respectively) in the disease
parameters tested under greenhouse conditions. Significant differences were
detected between the tested bio-agents and the control treatmenis. The same trend
was detected in case of detached leaves. Similar results of bio-agents against
foliar pathogen were reported by several investigators (Akatsumi ef al., 1993 and
Kishore et al., 2003).

In plant disease control, application of biotic agents induced systemic
resistance (ISR) against fungi, bacteria and virus, through producing sidrophores,
jasmonic acid (JA), ethylene and SA (Chen et al., 1999), bacterial metabolites
(Steiner and Schonbeek, 1995), induction of pathogeneses related (PR) proteins
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such as PR-1, chitinase and B,1-3,gluconase in the intracellular fluid of leaves

(Chen et al.,1999) and or producing plant growih promoting substances (Chen et
al., 2000).

Table (4); Effect of two tested bacterial isolates on several parameters of
potato late bii

Mean No,

of lesions lesion

{mm)

Table (5): Effect of spraying two selected bacterial isolates two days after
application on several parameters of potato late blight disease
severity. Potato intact leaves were sprayed with P. infestans
Z0O0sSpore suspension

B Blighted
area
(mm?)
33.00 19.00 | 9351.70

15.00 9.00 953.76
17.00 11.00 1614.75

Mean No. [ of lesion

Bacterial isolates of lesions (mm)

Psendomonas
R fluorescens PP{1

LSD at 0.05

P O N T e T R —

Table (6): Effect of spraying selected bacterial isolates two days after
application, on several parameters of potato late blight disease
severity. Potate detached leaves were inoculated with 4 droplets

ension

Mean No. | of lesion Disease

of lesions (mm) (%)
4.00 23.00 100.00
2.33 11.00 13.32

267 13.00 21.32

2. Fuungicides;

2.1. In vitro experiments

_ Different tested fungicide concentrations proved to be effective against
the tested P. infestans isolate. Acrobat was highly effective on inhibiling the
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mycelial growth, and cysts germination than previcur-N. However, the opposite
results obtained in case of zoospores release (Table 7) were obtained. Acrobat at
5 ppm completely prevented the mycelial growth and cysts germination of tested
P. infestans isolate. Similar results were obtained by Albert et ol (1988). The
above mentioned data indicated that, the tested fungicides differed in their
reaction against P, infestans. Difference in the reaction might be due to selective
relationship between fungicides and fungus isolates (Cohen et gl., 1995; Reiter ef
al., 1995 and Klinkenberg et al., 1998). Kiihn et a/. (1991) found that, presence of
Acrobat (dimeethomorph} in the media lead to loss of biochemical control
processes involved in normal cell wall and induced changes in the mycelium
ultra-structure of P. infestans. In addition, Albert ef al. (1988) found that, the cyst
spores of P. infestans lost its wall and become unable to germinate in presence of
acrobat.

2.2, In vive (greenhouse experiments):

In detached leaves, acrobat at a concentration of 3.75 ml/l was more
effective in conaolling potato late blight compared with the unireated control
(Table, 8). Similar results with both fungicides were obtained by Cohen et al.
(1993); Reiter et al. (1995); Bissort et al. {1997}, Klinkenberg et al. (1998).

Data in table (9) indicate that, acrobat had a systemic effect against
poiato late blight disgcase when used as spray application (29.92 protection
percent) while, previcur-N hadn't. Soil drench application revealed that, acrobat
had the high systemic effect (100 protection percent) rather than previcur-N
(85.22 protection percent) as shown in Table (10). These results are in agreement
with the results obtained by Cohen ef @/, (1993),

Table (7): Effect of different concentrations of acrobat and previeur-N, on
mycehial  growth, souspores release and cyvsts germination of
Phytophthora infestuns.,

Fungicides Mycelial Zoospores Germinated
Concentrations (ppm} | growth (%) | release {%) cysts (%)

Controi [ 0 100.00 100.00 100.00
Acrobat T 5+ 0.00 100.00 0.00

o 20 000 93.33 0.00
Mean 0.00 96.67

LSD at 0.5 3.75 0.96 3.75

500 28.33 100.00 13.33

Preveur-N 1000 16.25 100 1.67

1504 11.00 94 33 0.00

2000 0.00 87.00 0.00
Mean 13.89 9533

LSD at 0.5 1.75 1.30

Acrobat at 5 and 10 ppm showed the same results,
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Table (8): Effect of different concentrations of two fungicides tested on
several parameters of potato late blight disease severity, using

detached leaves method.
Mean .
Mean no. & of . . Protectio
Treatments | of lesions lesion blighted Dmﬂease o
(mm) area (%) (%)
{mm?*)
Acrobat
Control 400 22.67 1613.74 100.00 0.00
1.25 mi/l 1.67 9.67 122.59 7.60 92.40
2.5 miN 0.00 0.00 0.00 0.00 100.00
3.75 ml/1 0.00 0.00 0.00 0.00 100.00
Mean 142 8.09 43408 269 73.1
Previcur-N
Control 4.00 22.67 1613.74 100.00 0.00
1.5 nol/l 233 11.00 221.32 13.71 86.29
3 mli 133 5.00 26.10 1.62 98.38
4.5 ml1 0.00 0.00 0.00 0.00 100.00
Mean 1.92 9.67 465.21 28.83 71.17
LSP at 0,05
‘No. of lesfons Goflesion  Dlighted ares  Protection (%)
Con. 0.798 0.393 4,19 375
Fungicides 0.267 0.189 2.25 1.82
Fungicides X Con, 0.745 0.834 5.50 4.96

Table (9): Local and systemic activity of two fungicides as foliar application,

Tre -7

Mean no. of
iesions

) of lesion

(mm)

Mean blighted
ares (mm?)

Protection
()

4.00

18.67

1054.51

(.00

0.00

0.00

0.00

160.00

1.67

5.00

32.77

97.01

The upper untreated leaves (5)

4.00

16.33

837.34

0.00 -

13.67

586.77

29.92

LDS at 0,05

MNo. of lesions
Treatments (T) 1.31
Local (L) & Systemic (S) 0.56
TxL&S 1.92

@ of lesion

0.59
0.23
0.89

Blighted area
7.99
2.98
11.36

9.00

Protection (%)

5.90
1.99
71.67
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Table (10): Systemic activity of two fungicides as soil application on several
parameters of potato late blight disease severity, using detached
leaves method,

Protection|
Mean No. {3 of lesion | 1 o1¢eq area % |
of lesions | (mm) (mm?)
 Control 4.00 21.67 1474.51
[Acrobat 2.5 miA 0.00 0.00 0.00
| Pervicur-N 3 mV1 4.00 8.33 217.88
| LSD at 0.5 Sig,

Sig. = The results were significant at 0. 5 %

Treatments

3. Field experiments:

Under field conditions and in both growing seasons bacterial isolates
tested affecting potato late blight discase, whenever, the disease severity was low
or moderate, while the efficacy of disease control was decreased by increasing the
disease severity at 89 days afler sown Tables (11 and 12).

Controlling effects of sclected bacterial isolates against potato late blight
discase might be due to produce anti-fungal compounds, laytic enzymes in its
culture media (Akatsumi ef al. 1993). It might be also due to chitinase and 8-1,3-
gluconase enzymes (Velazhahn et al, 1999) production of promoting plant
growth (Ng & Webster, 1997).

Spray apptication of acrobat (2.5 ml/1) was the most effective in
controlling potato Iate blight under field conditions even at the highest-potential
of the disease in both growing seasons (Tables 11 and 12).

Application of acrobat, previcur-N and selecied bacterial isolates
resilted in an increase of potalo tuber yield (Table, 13). Maximum potato tuber
yield of 16.12 ton per feddan at the first scason and 9.84 ton per feddan at the
- second one (146.49 and 151,16 % higher than control respectivily) was obtained
by acrobat followed by Previcur-N (144,54 at the first) then PPf] isolate (115.27
and 113.55 % higher than control respectively) and PB1 (104.50 and 1106.53 %
higher than control respectively) as shown in Table (13). Yield of the tested
bacierial isolates at the second season was higher than the yield of previcur-N. In
addition, potato tuber yicld was low at the second scason, whenever, the discase
was sever. It clear that, there was a positive corelation between the disease and
yield losses, Similar results were obtained by Kishore ef al. (2005). Albert et al.
(1988) found that, cinnamic acid derivative dimethomorph (Acrobat) possess
translaminar activity and is systemic via root uptake, showed high activity against
fungi from the genus Phytophthora and members of the Peronosporaceae. In
addition, presenice of acrobat in the media led to loss of biechemical control
processes involved in normal cell wall and induced changes in the mycelium
ultra-structure of P. infestans (Kiihn ef al. 1991),
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Table (11): Effect of selected bio-agents bacteria and funmeides on potato
late blight under field conditions at different times after sown
during at 2001-2002 prowing season.

Days after sown
N ) A U5

79.60 | 94.60 ] 137.67
3.00 333 | 49.33 | 49.33 | 100.33

0.67 1.0D 4.67 . 3167
. 1.G0 i

Conirol $33 | 1667 | 6333 | 1333
20.03

B} Treatments 15.49
§ Time X treatments 27.1

Table (12): Effect of selected bio-agents bacteria and fungicides on potato
late blight under field conditjons at different times after sown
during at 2002-2003 growing season.

o. of diseased piants
Treatmenty Days alter sown
EAS B84 98

’(;‘sont;ol 35.00 1 56.67 T 100.00°1 100.60 1 100.00 s

epagomonas

worescens PPl 2000 | 43.00 | 96.67 | 100.00 | 10000} 71,93

acilus spp. PB1 1667 1 30.00 | R0.60 [ 100.00 [ 10000 65.33
Acrobat 2.5 mI/] 10006 7T 2833 1 70.00 (1000010000 | 61.67
Pervicur-N 3 mi/T 0.00 0.00 B33 16T [ 83 331 2267

at 0,05 =Time 83
Treatments 13.65
Time X treatments - 2235 .
- Disease seventy

g;mt‘l;ol_ 3.67 20.00 T90.00 T 95.00 00.00 T 62,13

endomonas

orescoms PP 2.00 9.00 | 65.00 | 8833 | 100.00 §2.37

acillus spp. PBI 1.33 3.33 4200 1 60.00 | 96.67 | 440.
Acrobat 2.5 ml/1 1.67 ] 670 1 3667 [ 65.00 T 15.00 | 37.

ervicur- m 0.00 0.060 10.01  [0.07 23,33 3.

D at 0.65 =Time 8.90
Treatments 12.85

Time X treatments 23.25
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Table (13): Effect of bio-agents selected and fungicides on potato yield
(ton/feddan) under field conditions at two growing seasons

_ 2001-2002 and 2002—2003

i B G ST __‘4 ___,____,,________‘?
Growin SEAson -

2001 —2002 2002-2003

Yield Production Yield
(ton)/feddan (%) | (ton)/feddan {%o)

Control 11.01 100.00 6.51 100.00

Treatments

il P__fluorescens PPf1 12.68 115.27 739 113.55
|| Bacillus spp. PB1 11.50 104.50 7.18 110.53
16.12 146.49 9.84 151.18
15.91 144.54 6.99 107.26

Salicylic acid (SA) contents of potato treated plant leaves were significantly
high in treated leaves than in similar leaves of untreated control. Treatment with
acrobat produced the highest level (9.43 and B.86 at both season tested respectively
ng/g fresh weight) followed by Prevecur—N, while PB1 was the least one (Fig., 3).
Salicylic acid may plays an essential role in induction of local acquired resistance
(LAR) and systemic acquired resistance (Sathiyabama & Balasybramanian, 1998).
Salicylic acid also serves as endogenous signal required for induction of SAR (Raskin
el al., 1989; Yalpani er a/., 1991; Coquoz et ai., 1995).

14 - . |
; 3
£ 12 1 %
$ 10 4 o
e 8 ; 1st season
2 g B 2th season
‘ g’ 4J } izt v L Ui
|8 31 |
J Control PPt FBt  Acrobat Pervicur-
1 N

L s oim s e |

Fig, (3): Effect of bio-agents selected and fungicides on free SA contents of potato
leaves under ficld conditions at two growing seasons 2001-2002 and
 2002-2003. LSD at the first season was 0.512 and 0.198 at second one.
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